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Hurricane Opal - Wind and Water Line Survey

INTRODUCTION

Michael Baker Jr., Inc., on behalf of the Federal Emergency Management Agency (FEMA) and
Property Loss Research Bureau (PLRB), conducted a wind and water line survey of the Hurricane
Opal landfall area near Navarre and Ft. Walton Beach in Santa Rosa County, Florida, and other areas
east of the landfall to Mexico Beach in Bay County, Florida. The goal of the investigation and study
was to determine the approximate high water elevation of the storm surge and combined storm surge
and wave runup in the open coast and inland bay areas affected by Hurricane Opal. The
establishment of a wind and water line documents the inundation limits of the storm surge flooding
and areas subject to both flooding and wind damages or losses. Areas outside of the inundation zone
would likely be subject to only wind damages and losses.

The high water marks (HWM) observed and surveyed for this report throughout the Hurricane Opal
impact area reflect either the stillwater elevation of the storm surge (areas outside the influence of
breaking wave and wave runup) or the stillwater elevation plus the wave runup component (areas
in the wave swash zone - either breaking waves or wave runup).

The stillwater elevation HWMs are generally recovered inside ( i ) of commercial or residential
structures and found as mud lines on walls or doors. The storm surge plus wave runup HWMs are
generally found as debris or trash lines along the coastal dunes, sloping terrain of the bay shoreline
or the outside (0) perimeter and exterior area of a structure. Each HWM is marked and located on
a map accordingly, providing another piece of the puzzle, and documenting the approximate water
surface elevation used to establish a wind/water line. The information also assists in understanding
the nature of the storm influence in the immediate area.

HURRICANE OPAL - STORM SUMMARY

As of October 13, 1995, there have been 17 named tropical storms and hurricanes for the 1995
Hurricane season, making it the most active season since 1933 (with 21 tropical storms and
hurricanes). After passing over the Yucatan Peninsula, the 15th storm of the season, Hurricane Opal,
intensified in the early morning hours on Tuesday October 3 while in the Bay of Campeche area of
the Gulf of Mexico. Hurricane Opal started moving to the north-northeast while gaining size and
intensity over the next day and half.

The landfall of Hurricane Opal along the Florida panhandle coastline (see map in Appendix A), near
Ft. Walton Beach, was the second hurricane of the season to impact the panhandle area. Hurricane
Erin, a Category I hurricane on the Saffir-Simpson scale (Table 1), passed through the
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Hurricane Opal - Wind and Water Line Survey

Table 1. Saffir-Simpson Hurricane Scale Ranges.

Scale Number Central Pressure Winds Surge
(Category) (mbar) (*in) (mi/h) (ft) Damage

I > 980 > 28.94 74 - 95 4 - 5 Minimal
2 965 - 979 28.50 - 28.91 96 - 110 6 - 8 Moderate
3 945-964 27.91 -28.47 111 - 130 9- 12 Extensive
4 920-944 27.17-27.88 131 - 155 13 - 18 Extreme
5 < 920 < 27.17 >155 >18 Catastrophic

Source: Hebert, Jarrell, and Mayfield, 1995.

region in early August, causing flooding and damages along the coast. Hurricane Opal's landfall
as a Category 3 storm included 125 mph (110 kt) winds and expected storm surges up to 15 foot in
height, significantly more damaging than Hurricane Erin. The coastal flooding affected the coastal
areas from Gulf Shores, Alabama to Tampa, Florida, with hurricane force winds impacting Florida,
Alabama and Georgia, and tropical storm force winds stretching from Florida upward into North
Carolina and Tennessee. Fortunately for the Gulf of Mexico coastal residents, Hurricane Opal was
losing intensity as it approached the coast on Wednesday, October 4. At mid-day on October 4,
Hurricane Opal had been classified as a Category 4 hurricane with winds close to 150 mph (130 kt).
The cooler waters of the northern Gulf of Mexico and other atmospheric conditions appear to have
been the cause of the reduced intensity of Hurricane Opal at time of landfall on October 4, estimated
to have occurred around 6:00 PM Central Daylight Time (CDT) (or approximately time 2200 Z).

Preliminary estimates place Hurricane Opal as the third costliest natural disasters to affect the United
States this century, right after Hurricane Andrew and the Northridge Earthquake. In Florida alone,
the damage estimates range from $1.8 to 2.8 million, with the numbers increasing daily as more
damage reports are received. The coastal and bay storm surge impacts were far reaching and appear
to be the major cause of destruction and damages to commercial and private residences. The storm
surge also overtopped and eroded 10 to 30 foot high dune fields on the barrier island beaches of
Santa Rosa Island, with the high surf accompanying the storm surge scouring and undermining the
foundations on oceanfront structures from Destin to Panama City Beach resulting in settlement or
collapse into the ocean. The wind impacts continued from the Florida panhandle up into Tennessee
and North Carolina.
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Hurricane Opal - Wind and Water Line Survey

HIGH WATER MARK SURVEY SUMMARY

The HWM information was collected during the field survey period from October 6 to 10, 1995,
immediately following the landfall of the storm. The HWM surveys and HWM elevations shown
on the maps in Appendix B were conducted and collected through a joint effort by Michael Baker
Jr., Inc. and the U.S. Army Corps of Engineer's Hydrologic Investigations Section, Mobile District.
The recorded HWM stillwater and combined stillwater/wave runup elevations ranged from 6 feet
at the east end of Choctawhatchee Bay to over 20 feet along the coast near Grayton Beach in Walton
County (Table 2). Other HWM surveys are currently underway by the Alabama and Florida
Geological Survey for the Alabama and Pensacola-Appalachicola-Carrabelle areas, but are not
included in this report.

Table 2. Hurricane Opal High Water Mark survey information.

HWM# Elev. (ft) Type Location Latitude Longitude

1 a 10.5 (0) Santa Rosa Island 86:59:29 30:21:29
1 b 9.8 (0) Santa Rosa Island 86:56:10 30:22:01
1 c 10.2 (0) Santa Rosa Island 86:56:10 30:22:01
1 d 9.9 (I ) Santa Rosa Island 86:52:07 30:22:52
1 e 10.2 (0) Santa Rosa Island 86:52:07 30:22:52
1 f 11.1 (0) Santa Rosa Island 86:51:13 30:22:56
1 10.9 (0) Santa Rosa Island 86:48:28 30:23:23
2 9.8 ( I ) Wynnhaven Beach 86:47:22 30:24:26
3 9.0 (0) Santa Rosa Island 86:42:05 30:24:03
4 7.6 (0) Mary Esther 86:42:08 30:24:31
5 10.9 (I) Ft. Walton Beach 86:38:41 30:24:25
6 8.6 (I) Ft. Walton Beach 86:37:30 30:24:15
7 7.5 (0) Santa Rosa Island 86:35:26 30:23:40
8 11.3 (I) SantaRosaIsland 86:31:36 30:23:17
9 10.3 (0) SantaRosaIsland 86:31:44 30:23:30
10 6.5 (0) Ft. Walton Beach 86:35:32 30:24:20
1 1 10.0 (0) Ft. Walton Beach 86:35:19 30:24:42
12 8.0 (0) Shalimar 86:35:15 30:26:05
13 7.7 ( I ) Shalimar 86:35:15 30:26:05
14 13.0 (0) N. of Ocean City 86:34:14 30:27:12
15 6.8 (0) Shalimar 86:35:12 30:26:57
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Hurricane Opal - Wind and Water Line Survey

Table 2. Hurricane Opal High Water Mark survey information (continued).

HWM# Elev. (ft) Type Location Latitude Longitude

16 7.5 (0) Eglin Village/Eglin AFB 86:32:43 30:27:11
17 7.8 (0) Valparaiso 86:29:15 30:31:09
18 9.5 (0) Destin 86:30:59 30:23:48
19 8.3 (0) Destin 86:30:11 30:23:18
20 14.3 ( I ) Destin 86:27:59 30:23:03
21 21.5 (0) E. of Miramar Beach 86:24:00 30:22:43
22 20.0 (0) Miramar Beach 86:21:55 30:22:28
23 15.6 (0) W. of Miramar Beach 86:20:25 30:22:25
23 a 17.8 (0) Santa Rosa Beach 86:15:43 30:21:36
24 6.0 (0) Choctawhatchee Bay 86:15:20 30:29:09
25 20.9 (0) Blue Mountain Beach 86:12:16 30:20:18
26 10.5 ( I ) Grayton Beach 86:10:13 30:19:48
27 12.0 (0) E.ofSeagrove Beach 86:05:51 30:18:46
28 9.7 (0) W. of Inlet Beach 86:03:42 30:17:42
29 18.6 (0) Inlet Beach 86:00:47 30:16:29
30 11.0 (0) Phillips Inlet/Powell Lake 85:59:20 30:16:25
31 10.2 (0) Phillips Inlet/Powell Lake 85:58:47 30:16:02
32 14.5 ( I ) Hollywood Beach 85:58:11 30:15:34
33 7.3 (0) GIICW/West Bay 85:51:27 30:17:34
34 7.6 (0) Burnt Mill Cr/West Bay 85:46:00 30:19:40
35 8.2 (0) Panama City 85:42:01 30:09:59
36 6.0 (0) Panama City 85:41:28 30:09:52
37 9.2 (0) Panama City 85:40:10 30:09:32
38 8.5 (0) Springfield 85:36:58 30:08:05
39 8.4 (0) Tyndall Air Force Base 85:35:25 30:03:42
40 10.5* (0) Panama City Beach 85:44:01 30:07:19
41 7.6 (0) Davis Beach/Tyndall AFB 85:27:53 29:58:04

* All HWMs are referenced to MSL datum except HWM 40 which is referenced to MLLW.
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SUMMARY AND CONCLUSIONS

The Florida counties which had the greatest impact from storm surge effects were Escambia, Santa
Rosa, Okaloosa, Walton and Bay Counties, and were the primary survey areas for the wind and
water line survey. The preliminary information indicates that more than 3,300 structures were
destroyed and over 18,000 damaged by the effects of storm surge and waves along the coastal and
bay regions of Alabama and the Florida panhandle.

There were noticeable differences in the HWM elevations for areas located in the wind/wave fetch
zone as compared to the areas behind the barrier islands and peninsulas along the bay. The open
fetch areas subject to storm surge rise and wind driven waves had much higher HWM elevations,
especially along the open coast of the barrier island in the landfall area (Navarre to Ft. Walton
Beach) and areas further to the east (as far away as Mexico Beach). The wave runup component of
the coastal flooding was as much as 10 feet higher than the estimated stillwater level on the open
coast barrier islands. The shorelines along the north side of the sound or bay behind the barrier
islands also had wave runup with the storm surge rise.

The coastal areas from Destin west to Navarre were overtopped by high storm surge levels resulting
in massive loss of the natural dune fields, some 10 to 30 feet high and 100 to 300 feet wide. The
erosion of the dune deposited sand inside structures, across roadways and into Santa Rosa Sound.
The coastal areas from Destin east to Mexico Beach had severe erosion of the beaches and dunes,
and undermining of the oceanfront structures. The dunes were very steep west of Phillips Inlet, and
the beaches in and around Panama City Beach were smaller and provided less protection to the
upland oceanfront structures. Many destroyed and collapsed structures were observed in this region.

The shorelines along the western side of inland bays also had high waves accompanying the storm
surge rise, with evidence of wave runup up to 5 feet above the estimated stillwater levels. This was
evident along the western side of Choctawhatchee Bay where HWM levels of 13 feet were measured,
more than 5 feet higher than the other HWM levels in protected areas of the bay. Severe erosion of
the bay shoreline was observed in these reaches of the bay, with most of the damages observed
inflicted upon docks, boathouses and bulkheads.

MISCELLANEOUS

A collection of photographs of storm damages and impacts are located in Appendix C of this report,
and a summary of the survey data collected by Michael Baker Jr., Inc. at each HWM survey location
is located in Appendix D (note: not all HWMs were used due to lack of bench mark information or
duplicate HWMs at the same location). Detailed information on the HWM survey data collected
by the U.S. Army Corps of Engineers and others are not available for this report.
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STORM DAMAGE PHOTOGRAPHS
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tAV1D use< 1gs -n anic4 f>cS n C -- rg & .LL
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REPORTINGINDIVIDUAL(S) S TV Pt yEL- I- /. >ytreKl
ADDRESS AT HWM CCt(A th\ - C't 'Bc1 i, ef

LOCATION DESCRIPTION a-, | I f trIt 11 4 rf'5

N o C of~ r- c VC cLL PHAc
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OUTSIDE DEBRIS LINE STRUCTURE_

HWM ELEVATION (FEET) O q 5 DATUM 0J 6 V

GROUND ELEVATION (FEET) DATUM_
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OUTSIDE I DEBRIS LINE I STRUCTURE_

HWM ELEVATION (FEET) 5. X ' DATUM NC'LW

GROUND ELEVATION (FEET) DATUM
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HIGH WATER MARK (HMW) REPORT Report #

Sheet 1 of 2

DATE OF REPORT K C |12c;

REPORTLNG INDIVIDUAL(S) I') P1 L/ ?Ii I ( / I) TZ/.

ADDRESSATHWM t i- LLuh4(od 2t, AC& RaUer) i L 1 6#GLt

LOCATION DESCRIPTION [i. I ce t I west 4 t..

SV C ('y ~ccO (YC 1t iu-)bL~e g~ &cl~
DATE OF HWMI OCCURRENiCE iC~ (7\-I|Cj 5  TiM_________

DURATION OF OCCURRENCE____ _______
TYPE OF MARK (CHECK ALL THAT APPLY)

INSIDE _ MUD LINE MARK ON FIXED

OUTSIDE DEBRIS LINE STRUCTURE

HWVM ELEVATION (FEET) 5- 9£ DATUM AG i '

GROUND ELEVATION (FEET) DATUM_

BENCHMARK ELEVATION (FEET)) Q S-3 DATUM vsc6 v I)

SOURCE OF BENCHMARK ELEVATION / C/rJ4 IL, c z ";If- /9;,

BENCHMARK LOCATION 51x ot" 0-e R. f o c,(bC

,(dc'1 p,;l~oita W(~d1e rttdLti, -

LEVELINGMETHOD \L*C' lfi cUdA -Il 1 i'C\A
OTHER OBSERVATIONS C:,PS _C;Grdt lCt rS iv t | 3Ci,2q' 1 . ,

^tiX!)Lis 8icr CJSC sfitbs es-dod sil cn'l csoi SSC fl~kC
PHOTOGRAPHS: (ROLL # .PHOTO # )

(ROLL # .PHOTO # )

(NOTE: Illustrate HWM on sheet 2 with map and sketch.)

MICHAEL BAKER JR., INC.
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HURRICANE OPAL

HIGH WATER MARK (HWM) REPORT Report # L
Sheet 2 of 2

* Show HW'M

* Show photographs (roll #, photo #) and vantage points and angles

* Show benchmark location

* Show North arrow
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HURRICANE OPAL

HIGH WATER MARK (HMW) REPORT Report #

Sheet 1 of 2

DATE OF REPORT t I )()¶

REPORTLNG INDIVIDUAL(S) 1J). Pi tkEL-Ll / 2 .S Y7(N!

ADDRESSATHWM 'Ar k H lV wH c )(Lii cv-rr [ 3 C

LOCATION DESCRIPTION PN us cIIi S Gr# St C

Q0s1)fr 0c tfht§- cld Sftrie dIRh1X,,-Zy &e ge'

DATE OF HWM OCCURRENCE TIME_

DURATION OF OCCURRENCE_

TYPE OF MARK (CHECK ALL THAT APPLY)

INSIDE MUD LINE MARK ON FIXED

OUTSIDE X DEBRIS LINE STRUCTURE_

HWM ELEVATION (FEET) I. Z DATUM /V", vi)

GROUND ELEVATION (FEET) DATUM_

BENCHMARK ELEVATION (FEET) j/, DATUM LC-j//)

SOURCE OF BENCHMAARK ELEVATION ,)ht)a/ cjcz,/,Ž &i k -/9 p./t.

BENCHMIARK LOCATION oont- f t elI (:S & 1 a vrc r b

5kxicTc Cli1t)A. (I-Hrtv i-kiltR I? a11r L>;2L2(

LEVELING METHOD +L Jr le Vf, hOl DAhJ/^C cc

OTHER OBSERVATIONS CC - P cS C d u-'iaL- \ 3- I I &' i\! &3 5/ES.

')hr1^ 1i bu 00istfd 6A Weec- shft oc,. L{yA frce- L lrrs
PHOTOGRAPHS: (ROLL # . PHOTO # )

(ROLL # . PHOTO# )

(NOTE: Illustrate HWM on sheet 2 with map and sketch.)

MICHAEL BAKER JR., INC.
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HURRICANE OPAL

HIGH WATER MARK (HNMW) REPORT Report # L b
Sheet 1 of 2

DATEOFREPORT lth)(|lll(
REPORTLNG INDIVIDUAL(S) . P1 ER£LL C / 4 (.YT(l A

ADDRESSATHWM A-akn. FW3)iw (>!(C f r'('A t42

LOCATION DESCRIPTION -, -2 I'& a r' 5(St t ss ,-
'ri-11r,1 Wc., tkc d ri\-c Svr.Lk- RC A, e

DATE OF HWN VIOCCURRENCE iC |9S _T _ ___

DURATION OF OCCURRENCE_

TYPE OF MARK (CHECK ALL THAT APPLY)

INSIDE__ MUD LINE_ MARK ON FIXED

OUTSIDE I DEBRIS LINEE STRUCTURE_

HWVM ELEVATION (FEET) . 31t DATUM '\J'D

GROUND ELEVATION (FEET) DATUM_

BENCHMARK ELEVATION (FEET) i DATUM /V5 VIL)

SOURCE OF BENCHMIARK ELEVATION /Va/7i>iq/ to ,v/( *S1 , -/7
BENCHMARKLOCATION SF S 'rnfr r2, I (t L e1 j-1 Ji)

!A;vLd 0I anwtcuk '4c , vq e, c n 1 6s oA te ft- i <19

LEVELING METHOD %-AC) kutcl c1avvA jpiti % cl A

OTHER OBSERVATIONS

PHOTOGRAPHS: (ROLL # .PHOTO # )
(ROLL # . PHOTO # )

(NOTE: Illustrate HWM on sheet 2 with map and sketch.)

MICHAEL BAKER JR., INC.
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HURRICANE OPAL

HIGH WATER MARK (HWNI) REPORT Report # I __ __4 l
Sheet 2 of 2

*

*

*

*

Show HWM Al

Show photographs (roll #, photo #) and vantage points and angles

Show benchmark location

Show North arrow
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HURRICANE OPAL

HIGH WATER MARK (HMW) REPORT Report #

Sheet 1 of 2

DATEOF REPORT CI( 1 I qs

REPORTING INDIVIDUAL(S) I . 1 i4 r LLC / P Sf

ADDRESSATHHWM I c;i .
LOCATION DESCRIPTION Hf ft *Ks

DATE OF HWM OCCURRENCE |

DURATION OF OCCURRENCE

I / )&

TIME

TYPE OF MARK (CHECK ALL THAT APPLY)

INSIDE MUD LINE MARK ON FIXED

OUTSIDE DEBRIS LINE f( STRUCTURE_

HVVM ELEVATION (FEET) ;. L t DATUM ,6jC, iI i)

GROUND ELEVATION (FEET) DATUM_

BENCHMARK ELEVATION (FEET) g. Q3 DATUM AC'bt)

SOURCE OF BENCHMARK ELEVATION 0, S Cas a c (ecd clV

BENCHMARK LOCATION /v E ecrn -( /'5(A 2z, ,y'r6 (V

LEVELING METHOD A/nz y ievI a 1r7d phi, /l , * ,i
OTHER OBSERVATIONS G (I,, r. c i I11 ±CS AI c5 1r 1 &'Sr 35S7

Li9 van C~jS C .He ceJ oebri sI i r e
PHOTOGRAPHS: (ROLL # , PHOTO # )

(ROLL # _ PHOTO # )

(NIOTE: Illustrate HWM on sheet 2 with map and sketch.)

MICHAEL BAKER JR., INC.



HURRICANE OPAL

HIGH WATER MARK (HMW) REPORT Report #j

Sheet 1 of 2

DATE OF REPORT ) | ls-

REPORTING INDIVIDUAL(S) f1. PI(kELL0 / P S)VThAI

ADDRESS AT HWMI A'tvH/7 [kxs >o1 6c' - f/,hter,/7

LOCATION DESCRIPTION PAl 2 /S ri<'V. 7 ; f>r? ,t

DATE OF HWAM OCCURRENCE l (' j 9 TIME

DURATION OF OCCURRENCE_ _

TYPE OF MARK (CHECK ALL THAT APPLY)

INSIDE MUD LINE MARK ON FIXED

OUTSIDE X DEBRIS LINE ) STRUCTURE_

HWnM ELEVATION (FEET) ji'i DATUM A! VD

GROUND ELEVATION (FEET) DATUM_

BENCHMARK ELEVATION (FEET) CIE G3' DATUM IV / Db

SOURCE OF BENCHMIARK ELEVATION [lS (J'yZs/ cr','d I ('LJA7 sieelil- YZc10
BENCHMARK LOCATION /\5 E (lotr)t) c t /cVAt/i &L' e & sg-yl/'k

l,. iC/ 1',LJfo2bt /
LEVELINGMETHOD It tcbjcI Cikrt p, j4

OTHER OBSERVATIONS _

PHOTOGRAPHS: (ROLL # , PHOTO # )

(ROLL # .PHOTO# )

(NOTE: Illustrate HWM on sheet 2 with map and sketch.)

MICHAEL BAKER JR., INC.
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HURRICANE OPAL

HIGH WATER MARK (HWI)ND REPORT Report # | aO4,
Sheet 2 of 2

. Show HWNI

Show photographs (roll #, photo #) and vantage points and angles

Show benchmark location

Show North arrow
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HURRICANE OPAL

HIGH WATER MARK (HNIMW REPORT Report # 7 6 i

Sheet 1 of 2

DATE OF REPORT r s

REPORTING INDIVIDUAL(S) j)). PI-K"LLc' /0 Sfix7\K
ADDRESS AT HWM S4- jcA ja3 ic. RLtr K t Hi) ('.aL

LOCATION DESCRIPTIONPT. I q cuyrc~i. C(T -rCA ItLt (- * jf7;

DATE OF HWM OCCURRENCE /C/9, 4 S TIME_

DURATION OF OCCURRENCE__

TYPE OF MARK (CHECK ALL THAT APPLY)

INSIDE MUD LINE MARK ON FIXED

OUTSIDE J DEBRIS LINE STRUCTURE -

HWMAl ELEVATION (FEET) LL DATUM A&- l I)

GROUND ELEVATION (FEET) DATUM_

BENCHMARK ELEVATION (FEET) i5, gi DATUM A&t CD)

SOURCE OF BENCHMARK ELEVATION F/. ?Xt,,A ; , kii-u
BENCHMARK LOCATION ACE 6',+ nrr (fi , i ,4) (2ft"/e

LEVELING MENTHOD Su An /vf / a-rPl/ ,o, //; ,iJ

OTHER OBSERVATIONS N ?3o/,W/r'S - AtW ? ;1" fs/45; 7/

PHOTOGRAPHS: (ROLL # _ PHOTO # )

(ROLL # _ PHOTO # )

(NOTE: Illustrate HWM on sheet 2 with map and sketch.)

MICHAEL BAKER JR., INC.



HURRICANE OPAL

HIGH WATER MARK (HMWIN REPORT Report # 171
Sheet 1 of 2

DATE OF REPORT )L1 9

REPORTING INDIVIDUAL(S) ffl PI KRELL- / . Yerr'kj

ADDRESSATHVWM 5SVne -Ai\idat1 z i4 j"9 7t)i i, .,?t I ('aiL
LOCATION DESCRIPTION 2 7 lS )IS -t+e ,b4 C-

( c r'rtC 4-/ /,9zc, -?y b,-, I

DATE OF HWNM OCCURRENCE /IC6I5' T I M E-

DURATION OF OCCURRENCE_

TYPE OF MARK (CHECK ALL THAT APPLY)

INSIDE_ MUD LINEE MARK ON FIXED

OUTSIDE_ DEBRIS LINE )( STRUCTURE_

HWM ELEVATION (FEET) ', I 1 DATUM NJG; C

GROUND ELEVATION (FEET) DATUM_

BENCHMARK ELEVATION (FEET) 15 9Lf DATUM /r¶Jc_ t'J

SOURCE OF BENCHMARK ELEVATION /-i. (,j cf7 1 6,'/h/,z - (9,59 =

BENCHMARK LOCATION /\Jf Onr / C& 6 •, 0 4 jc' (~c/(i(1

LEVELING/METHOD 14,_ K' I! id l2  e 'lc!
OTHEROBSERVATIONS Cji> cCn} L rl tCk -IV 3C"I9. ' W YS5 2/

PHOTOGRAPHS: (ROLL # , PHOTO # )
(ROLL # __ PHOTO# )

(NOTE: Illustrate HWM on sheet 2 with map and sketch.)

MICHAEL BAKER JR., INC.
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HIGH WATER MARK (HWM) REPORT Report# I 7< is
Sheet 2 of 2

*

*

Show HNVNM

Show photographs (roll #, photo #) and vantage points and angles

Show benchmark location

Show North arrow
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